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Description
Technical Field

[0001] The present disclosure relates to a non-woven
fabric made from a fiber coated with an organic binder
polymer compound, an electrochemical cell comprising
the non-woven fabric as a separator substrate, and a
method of making the non-woven fabric, and more par-
ticularly, to an electrochemical cell using, as a separator
substrate, a non-woven fabric made from a fiber coated
with an organic binder polymer compound by immersing
a spun web fiber in an organic binder polymer compound
solution.

[0002] The present application claims priority to Kore-
an Patent Application No. 10-2012-0138494 filed in the
Republic of Korea on November 30, 2012, and Korean
Patent Application No. 10-2013-0147402 filed in the Re-
public of Korea on November 29, 2013, the disclosures
of which are incorporated herein by reference.

Background Art

[0003] Recently, there has been growinginterestin en-
ergy storage technologies. As the application fields of
energy storage technologies have been extended to mo-
bile phones, camcorders, lap-top computers and even
electric cars, efforts have increasingly been made to-
wards the research and development of batteries. In this
aspect, electrochemical cells have attracted the most at-
tention. The development of rechargeable secondary
batteries has been the focus of particular interest. In re-
cent years, extensive research and development has
been conducted to design new electrodes and batteries
for the purpose ofimproving capacity density and specific
energy of the batteries.

[0004] Among currently available secondary batteries,
lithium ion secondary batteries developed in the early
1990’s have received a great deal of attention due to their
advantages of higher operating voltages and much high-
er energy densities than conventional batteries using
aqueous electrolyte solutions, such as Ni-MH batteries,
Ni-Cd batteries, H,SO,4-Pb batteries, and the like.
[0005] Generally, a secondary battery includes a cath-
ode, an anode, a separator interposed between the cath-
ode and the anode, and an electrolyte solution, and
among them, a separator is an important factor for de-
termining a life span of a secondary battery and serves
to electrically insulate the cathode from the anode. To
use as a separator, it is preferred to have high ion per-
meability and excellent mechanical strength, as well as
long-term stability against an electrolyte solution of an
electrochemical cell.

[0006] Studies have been conducted to use, as a sep-
arator, by processing polyolefin-based materials or heat
resistant materials among separator materials in a form
of a film or a non-woven fabric, and a non-woven fabric
has alimitation on its use due to a pore having a relatively
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large diameter, despite an advantage of a low cost.
DISCLOSURE

Technical Problem

[0007] Inanexemplary embodiment of the present dis-
closure, provided is a non-woven fabric made from a fiber
having a cohesive or adhesive property and a method of
making the same.

[0008] Also, provided is a separator of the non-woven
fabric substrate having a pore of a relatively small diam-
eter.

[0009] Also, in an exemplary embodiment of the
present disclosure, provided is a method of making the
non-woven fabric.

Technical Solution

[0010] According to an exemplary embodiment of the
present disclosure, provided is a non-woven fabric made
from a fiber coated with an organic binder polymer com-
pound.

[0011] The non-woven fabric may have a pore diame-
ter in a range of 0.001 to 10 pm.

[0012] The organic binder polymer compound may be
any one selected from an acryl-based adhesive com-
pound, a rubber-based adhesive compound, a silicon-
based adhesive compound and a vinyl ether-based ad-
hesive compound, or mixtures thereof.

[0013] The fiber may be a fiber manufactured, by spin-
ning, from any one selected from polyurethane, polyole-
fin-based resin such as polyethylene or polypropylene;
polyamide; thermoplastic polyurethane; polyethylene-
terephthalate; nylon; and their copolymers, or mixtures
thereof.

[0014] The non-woven fabric may be used as a sepa-
rator substrate for an electrochemical cell.

[0015] According to another exemplary embodiment
of the present disclosure, provided is an electrochemical
cell including a cathode, an anode, a separator inter-
posed between the cathode and the anode, and an elec-
trolyte, wherein the separator corresponds to the above-
described separator.

[0016] The electrochemical cell may be a lithium sec-
ondary battery.

[0017] According to still another exemplary embodi-
ment of the present disclosure, provided is a method of
manufacturing a separator using a non-woven fabric in-
cluding immersing a spun fiber in an organic binder pol-
ymer compound solution.

[0018] Subsequently, the method may further include
calendaring the fiber coated with the organic binder pol-
ymer compound solution under conditions of tempera-
ture of 100 to 200°C and pressure of 10 to 500 MPa.
[0019] The fiber may be a fiber obtained by spinning
any one selected from polyurethane, polyolefin-based
resin such as polyethylene or polypropylene; polyamide;
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thermoplastic polyurethane; polyethyleneterephthalate;
nylon; and their copolymers, or mixtures thereof.

[0020] The organic binder polymer compound solution
may be a solution, in which an acryl-based adhesive com-
pound, a rubber-based adhesive compound, a silicon-
based adhesive compound or a vinyl ether-based adhe-
sive compound is dissolved in a solvent including any
one selected from the group consisting of acetone, meth-
ylethylketone, methylisobutylketone, methyl cellosolve,
ethyl cellosolve, tetrahydrofuran, 1,4-dioxane, ethylene
glycol dimethyl ether, ethylene glycol diethyl ether, pro-
pylene glycol dimethyl ether, propylene glycol diethyl
ether, chloroform, methylene chloride, 1,2-dichlo-
roethane, 1,1,1-trichloroethane, 1,1,2-trichloroethane,
1,1,2-trichloroethene, 1,2,3-trichloropropane, hexane,
heptane, octane, cyclopentane, cyclohexane, bezene,
toluene, xylene, methanol, ethanol, isopropanol, propa-
nol, butanol, t-butanol, propylene glycol monomethyl-
ether, propylene glycol monoethylether, propylene glycol
monopropylether, propylene glycol monobutylether,
dipropylene glycol dimethylether, dipropylene glycol di-
ethylether, dipropylene glycol monomethylether, methyl
carbitol, ethyl carbitol, propyl carbitol, butyl carbitol, cy-
clopentanone, cyclohexanone, propylene glycol methyl-
etheracetate, propylene glycol ethyletheracetate, propyl-
ene glycol methylether propionate, 3-methoxybutyl ace-
tate, 3-methyl-3-methoxybutyl acetate, ethyl-3-ethoxy-
propionate, ethyl cellosolve acetate, methyl cellosolve
acetate, butyl acetate, propyl acetate and ethyl acetate,
or mixtures thereof.

[0021] The organic binder polymer compound solution
may have aviscosity inarange of 1 to 100 centipoise (cp).

Advantageous Effects

[0022] A fiber comprising a non-woven fabric made in
the present disclosure is coated with an organic binder
polymer, and a separator using the non-woven fabric as
a substrate may have a pore with a smaller diameter, for
example, in a range of 0.001 to 10 uwm. Accordingly, a
mechanical property issue intrinsic to a non-woven fabric
substrate separator may be overcome, while ensuring a
favorable movement of a lithium ion.

[0023] Also, inthe use of a non-woven fabric as a sep-
arator of an electrochemical cell, a need to form a sep-
arate adhesive layer is eliminated, resulting in an effect
of simplifying a separator manufacturing process.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

FIGS. 1 through 3 schematically illustrate a method
of making a non-woven fabric according to a related
art.

FIGS. 4 through 6 schematically illustrate a method
of making a non-woven fabric according to the
present disclosure.
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FIG.7isa 3000 times-magnified photographicimage
of a non-woven fabric made according to the present
disclosure.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0025] Hereinafter, the present disclosure will be de-
scribed in detail. Prior to the description, it should be un-
derstood that the terms used in the specification and the
appended claims should not be construed as limited to
general and dictionary meanings, but interpreted based
on the meanings and concepts corresponding to techni-
cal aspects of the present disclosure on the basis of the
principle that the inventor is allowed to define terms ap-
propriately for the best explanation. Therefore, the de-
scription proposed herein is just a preferable example
for the purpose of illustrations only, not intended to limit
the scope of the disclosure, so it should be understood
that other equivalents and modifications could be made
thereto without departing from the spirit and scope of the
disclosure.

[0026] As used herein,theterm’non-woven fabric’ rep-
resents a product made from fibers by mechanical treat-
ment that arranges and entangles the fibers in a parallel
orirregular direction, without performing a weaving proc-
ess on the fibers.

[0027] The non-woven fabric used in the present dis-
closure corresponds to a web non-woven fabric made
from a material that can be used as a separator for an
electrochemical cell. This non-woven fabric is character-
ized by having elastic, porous, moisture-permeable, and
waterproof properties while maintaining a predetermined
level of strength.

[0028] As used herein, the terms 'web fiber’ and ‘fiber’
represent a fiber that is spun and makes up a non-woven
fabric, and they are interchangeably used.

[0029] In the present disclosure, a non-limiting exam-
ple of a fiber comprising a non-woven fabric may include
any one selected from polyurethane, polyolefin-based
resin such as polyethylene or polypropylene; polyamide;
thermoplastic polyurethane; polyethyleneterephthalate;
nylon; and their copolymers, or mixtures thereof. Also, in
the present disclosure, a non-woven fabric forming ma-
terial may be produced from at least two types of mate-
rials, and besides a same type of filament fiber, different
types of filament fibers may be used, preferably, for ex-
ample, a bicomponent fiber containing at least one poly-
olefin component.

[0030] There is no particular limitation in a method of
making a non-woven fabric according to an exemplary
embodiment of the present disclosure if it may include a
process of immersing a spun fiber in an organic binder
polymer compound solution, and a non-limiting example
may include a wet spinning method using a paper making
method. A spinning condition is not specially limited in
the present disclosure, and may correspond to a general
condition in the art.

[0031] A diameter of the spun fiber is generally 20 pm
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or less, and for example, may be in a range of 0.5 to 18
pm or in a range of 1 to 15 um. A cross section of the
fiber may have various shapes of, generally, a circle or
an oval, a furrow on the surface, a small strip, a triangle
or a polygon, and the like.

[0032] The fiber may have a weight per unit area in a
range of 5 to 20 g/m2, however the present disclosure is
not limited thereto.

[0033] The fiber of the non-woven fabric according to
an exemplary embodiment of the present disclosure is
coated with the organic binder polymer compound. lts
example is illustrated in FIG. 3, and it can be seen that
a fiber is coated with an organic binder polymer com-
pound (indicated by an arrow). Since the fiber is coated
with the organic binder polymer compound, the non-wo-
ven fabric made from the fiber has a cohesive or adhesive
strength without applying a separate adhesive layer or
an adhesive agent.

[0034] Forexample, when a separator formed from the
fiber coated with the organic binder polymer compound
is interposed between a cathode and an anode and lam-
inated by applying heat of 80 to 150°C and pressure,
adhesion of the separator and the electrode may be made
even though an additional separate adhesive layer is not
included, and in this instance, an adhesive level is in a
range of 10 to 100 gf/25mm. Here, the 'adhesive level
presents a strength measured when pulling the separator
at 100 mm/min and 180 degrees.

[0035] In this instance, a non-limiting example of the
rubber-based adhesive compound may include a syn-
thetic polyisoprene rubber, a styrene-isoprene-styrene
block copolymer, natural rubber, polyisobutylene, poly-
butene, and the like.

[0036] A non-limiting example of the acryl-based ad-
hesive compound may include a homopolymer or copol-
ymer of an acrylic ester-based monomer including butyl
acrylate, isononyl acrylate, and 2-ethyl hexyl acrylate, or
a copolymer of such an acrylic acid ester-based mono-
mer and another monomer including acrylic acid, 2-hy-
droxy ethyl acrylate, vinyl acetate, and the like.

[0037] The web fiber comprising the non-woven fabric
may be used to form a non-woven fabric substrate
through a general process known in the art, and besides
a single-layered structure, the non-woven substrate may
be used in a multilayered structure to provide various
characteristics, if necessary. The multilayered structure
is not limited to a stack structure of multiple types of non-
woven fabric substrates, and includes a stack structure
of different types of substrates including a plastic film, a
non-woven fabric, a porous layer, and the like.

[0038] A pore diameter in the non-woven fabric sub-
strate and a thickness of the non-woven fabric substrate
may be different based on a diameter of the fiber, an
extent to which the fiber accumulates during making the
non-woven fabric, and the like, and may be adjusted
through a calendering process. In an exemplary embod-
iment, a pore in the non-woven fabric substrate may have
a diameter in range of 0.001 to 10 um when measuring
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with a capillary flow porometer, and when the pore diam-
eter falls within the range, a favorable movement of a
lithium ion may be ensured.

[0039] Also, a thickness of the non-woven fabric sub-
strate may be in a range of 0.1 to 100 wm or in a range
of 5 to 50 um. The thickness of the non-woven fabric
substrate satisfying the range is preferred in terms of
elasticity, workability, durability, and unnecessary vol-
ume increase prevention.

[0040] A permeability of the non-woven fabric sub-
strate may be in a range of 1 to 10 sec/100mL.

[0041] Another exemplary embodiment of the present
disclosure relates to a method of making a porous web
non-woven fabric.

[0042] An embodiment of a method of making a non-
woven fabric according to a related art is schematically
illustrated in FIGS. 1 through 3. According to a related
art, the method includes spinning a web fiber 2 in a con-
ventional solution 3 through a spinning device 1 (FIG. 1),
drying the web 2 (FIG. 2), and calendaring the dry web
2 by a calendaring roll 4 (FIG. 3). Here, the 'conventional
solution’ represents a solution in which an organic binder
polymer compound is notincluded. Subsequently, to pro-
vide an adhesive property to the non-woven fabric, an
operation of forming an adhesive layer is additionally per-
formed in the conventional method.

[0043] The method of making a non-woven fabric ac-
cording to an exemplary embodiment of the present dis-
closure is schematically illustrated in FIGS. 4 through 6.
According to the present disclosure, the method includes
immersing a web fiber 2 spun through a spinning device
1in a binder polymer compound solution (FIG. 4), drying
the web 2 having a binder polymer compound coating 6
(FIG. 5), and calendaring the dry web 2 by a calendaring
roll 4 under temperature and pressure conditions allow-
ing a target pore diameter (FIG. 6). The resulting non-
woven web fiber has a cohesive or adhesive property.
[0044] In the specification, the organic binder polymer
compound solution represents a solution in which an acr-
yl-based adhesive compound, a rubber-adhesive com-
pound, a silicon-based adhesive compound, or a vinyl
ether-based adhesive compound is dissolved in a sol-
vent. The solvent may include, but is not limited to, any
one selected from the group consisting of acetone, meth-
ylethylketone, methylisobutylketone, methyl cellosolve,
ethyl cellosolve, tetrahydrofuran, 1,4-dioxane, ethylene
glycol dimethyl ether, ethylene glycol diethyl ether, pro-
pylene glycol dimethyl ether, propylene glycol diethyl
ether, chloroform, methylene chloride, 1,2-dichlo-
roethane, 1,1,1-trichloroethane, 1,1,2-trichloroethane,
1,1,2-trichloroethene, 1,2,3-trichloropropane, hexane,
heptane, octane, cyclopentane, cyclohexane, bezene,
toluene, xylene, methanol, ethanol, isopropanol, propa-
nol, butanol, t-butanol, propylene glycol monomethyl-
ether, propylene glycol monoethylether, propylene glycol
monopropylether, propylene glycol monobutylether,
dipropylene glycol dimethylether, dipropylene glycol di-
ethylether, dipropylene glycol monomethylether, methyl



7 EP 2 781 637 A1 8

carbitol, ethyl carbitol, propyl carbitol, butyl carbitol, cy-
clopentanone, cyclohexanone, propylene glycol methyl-
etheracetate, propylene glycol ethyletheracetate, propyl-
ene glycol methylether propionate, 3-methoxybutyl ace-
tate, 3-methyl-3-methoxybutyl acetate, ethyl-3-ethoxy-
propionate, ethyl cellosolve acetate, methyl cellosolve
acetate, butyl acetate, propyl acetate and ethyl acetate,
or mixtures thereof. Itis preferred that the binder polymer
compound solution has a viscosity in a range of 1 to 100
centipoise (cp) in view of uniform coating of the binder
polymer compound on the fiber.

[0045] The binder polymer compound solution may, if
necessary, further include various types of additives, for
example, a plasticizer including polyhydric alcohol such
as glycerin, polyethylene glycol, and polypropylene gly-
col, a water-soluble or water-absorbent resin such as
polyacrylic acid, a cross-linked polyacrylic acid, and pol-
yvinylpyrrolidone, a rosin-, terpene- or petroleum-based
tackifier, a softener, a filler, a pigment, and the like.
[0046] The web fiber coated with the binder polymer
compound may be dried at temperature of 40 to 100°C
for 1 to 10 minutes in a general manner in the art. The
drying temperature within the range is preferred because
drying is achieved in a short period of time and melting
of the fiber or the binder polymer is prevented.

[0047] The dry web fiber may be calendared in a tem-
perature range of 100 to 200 °C. When the calendaring
temperature satisfies the range, an appropriate tensile
strength of the non-woven fabric and proper spacing be-
tween the fibers may be achieved and melting of the spun
fiber and the binder polymer may be prevented.

[0048] Also, the calendaring pressure may be set to a
range of 1to 10 bar. The calendaring pressure satisfying
the range is preferred in terms of a tensile strength of the
non-woven fabric, spacing between the fibers, and roller
durability.

[0049] The non-woven fabric made as described in the
foregoing does not have a special limitation in its use,
and particularly, may be used as a separator for an elec-
trochemical cell.

[0050] The electrode that will be applied along with the
separator of the present disclosure is not limited to a spe-
cifictype, and may be manufactured in a manner of bond-
ing an electrode active material to an electrode current
collector by a general method known in the art.

[0051] In the electrode active material, a cathode ac-
tive material may include, as a non-limiting example, any
cathode active material usable in a cathode of a conven-
tional electrochemical cell, in particular, lithium manga-
nese oxide, lithium cobalt oxide, lithium nickel oxide, lith-
ium iron oxide, or lithium composite oxides thereof.
[0052] A non-limiting example of an anode active ma-
terial may include any anode active material usable in an
anode of a conventional electrochemical cell, in particu-
lar, a material capable of absorbing/desorbing lithium
such as a lithium metal or a lithium alloy, carbon, petro-
leum coke, activated carbon, graphite, or other carbons.
[0053] The cathode current collector may be, as anon-
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limiting example, a foil made from aluminum, nickel or a
combination thereof, and the anode current collector may
be, as a non-limiting example, a foil made from copper,
gold, a nickel or copper alloy, or combinations thereof.
[0054] The electrolyte solution usable in the present
disclosure may be an electrolyte solution in which an
electrolyte salt, for example, of A*B- structure, where A*
represents an ion including an alkali metal cation such
as Li*, Na* and K*, or combinations thereof, and B- rep-
resents an ion including an anion such as PFg, BF -, CI-,
Br, I, ClO4, AsFg,, CH3CO,, CF3S0O57, N(CF3S0,),
and C(CF,S0,),", or combinations thereof, is dissolved
or dissociated in an electrolyte solvent including, but is
not limited to, propylene carbonate (PC), ethylene car-
bonate (EC), diethyl carbonate (DEC), dimethyl carbon-
ate (DMC), dipropyl carbonate (DPC), dimethylsulfoxide,
acetonitrile, dimethoxyethane, diethoxyethane, tetrahy-
drofuran, N-methyl-2-pyrrolidone (NMP), ethylmethyl-
carbonate (EMC), gamma butyrolactone, or mixtures
thereof.

[0055] Injection of the electrolyte solution may be per-
formed in a proper step among a battery fabrication proc-
ess based on a manufacturing process and required
physical properties of a final product. That is, injection of
the electrolyte solution may be applied before battery as-
sembling or in a final step of battery assembling.

[0056] Optionally, the electrode according to the
present invention may further include a conductive ma-
terial, a binder, a filler, and the like, if necessary.
[0057] The conductive material may include, but is not
limited to, acetylene black, carbon black, and the like.
[0058] The binder may be at least one selected from
the group consisting of polytetrafluoroethylene, polyvi-
nylidene fluoride, polyvinyl fluoride, polyacrylonitrile, ni-
trile rubber, polybutadiene, polystyrene, styrene butadi-
ene rubber, polysulfide rubber, butyl rubber, hydrogen-
ated styrene butadiene rubber, nitrocellulose, and car-
boxymethylcellulose.

[0059] The battery according to the present disclosure
may be manufactured by a general method known in the
art, for example, in a manner of dispersing an electrode
active material and a binder in an organic solvent to pre-
pare a slurry, coating the slurry on an electrode current
collector, drying and compressing the result, and inter-
posing the separator between the cathode and the an-
ode, however the present disclosure is not limited there-
to.

Claims

1. A non-woven fabric made from a fiber coated with
an organic binder polymer compound.

2. The non-woven fabric according to claim 1, wherein
the non-woven fabric has a pore diameter in arange
of 0.001 to 10 pm.
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The non-woven fabric according to claim 1, wherein
the organic binder polymer compound is any one
selected from an acryl-based adhesive compound,
arubber-based adhesive compound, a silicon-based
adhesive compound and a vinyl ether-based adhe-
sive compound, or mixtures thereof.

The non-woven fabric according to claim 1, wherein
the fiber is spun from any one selected from poly-
urethane, polyolefin-based resin, polyamide, ther-
moplastic polyurethane, polyethyleneterephthalate,
nylon and their copolymers, or mixtures thereof.

Aseparator for an electrochemical cell using the non-
woven fabric defined in any one of claims 1 through
4 as a substrate.

An electrochemical cell comprising a cathode, anan-
ode, a separator interposed between the cathode
and the anode, and an electrolyte,

wherein the separator is a the separator defined in
claims 5.

The electrochemical cell according to claim 6, where-
in the electrochemical cellis a lithium secondary bat-
tery.

A method of manufacturing a separator using a non-
woven fabric, the method comprising:

immersing a spun fiber in an organic binder pol-
ymer compound solution.

The method according to claim 8, further comprising:

subsequently, calendaring the fiber coated with
the organic binder polymer compound solution
under conditions of temperature of 100 to 200°C
and pressure of 10 to 500 MPa.

The method according to claim 8, wherein the fiber
is obtained by spinning any one selected from poly-
urethane, polyolefin-based resin, polyamide, ther-
moplastic polyurethane, polyethyleneterephthalate,
nylon and their copolymers, or mixtures thereof.

The method according to claim 8, wherein the or-
ganic binder polymercompound solutionis a solution
in which an acryl-based adhesive compound, a rub-
ber-based adhesive compound, a silicon-based ad-
hesive compound or a vinyl ether-based adhesive
compound is dissolved in a solventincluding any one
selected from the group consisting of acetone, meth-
ylethylketone, methylisobutylketone, methyl cellos-
olve, ethyl cellosolve, tetrahydrofuran, 1,4-dioxane,
ethylene glycol dimethyl ether, ethylene glycol die-
thyl ether, propylene glycol dimethyl ether, propyl-
ene glycol diethyl ether, chloroform, methylene chlo-
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12.

ride, 1,2-dichloroethane, 1,1,1-trichloroethane,
1,1,2-trichloroethane, 1,1,2-trichloroethene, 1,2,3-
trichloropropane, hexane, heptane, octane, cy-
clopentane, cyclohexane, bezene, toluene, xylene,
methanol, ethanol, isopropanol, propanol, butanol,
t-butanol, propylene glycol monomethylether, pro-
pylene glycol monoethylether, propylene glycol
monopropylether, propylene glycol monobutylether,
dipropylene glycol dimethylether, dipropylene glycol
diethylether, dipropylene glycol monomethylether,
methyl carbitol, ethyl carbitol, propyl carbitol, butyl
carbitol, cyclopentanone, cyclohexanone, propylene
glycol methyletheracetate, propylene glycol ethyle-
theracetate, propylene glycol methylether propion-
ate, 3-methoxybutyl acetate, 3-methyl-3-methoxy-
butyl acetate, ethyl-3-ethoxypropionate, ethyl cello-
solve acetate, methyl cellosolve acetate, butyl ace-
tate, propyl acetate and ethyl acetate, or mixtures
thereof.

The method according to claim 11, wherein the or-
ganic binder polymer compound solution has a vis-
cosity in a range of 1 to 100 centipoise (cp).
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